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Cellphone/smartphone use is now constant and ubiquitous: over 95% of millennials and 85% of Gen-X individuals own a smartphone, and many are online constantly [1, 2] . These individuals are current and future parents, and their device use throughout the day overlaps their interactions with their infants and children. What (if any), are the consequences of parental smartphone use on infants' brain development? How might smartphone use by a parent influence the maturation of the cognitive, emotional and social brain?
An early concern was the potential effect of prenatal and postnatal exposure to cell-phone related electromagnetic fields (EMF) on behavioral (cognitive, emotional) outcomes in children [3] . Whereas this topic aroused prominent public concern, the effects reported by controlled studies were small, and accounting for numerous potential confounders as well as establishing causality was difficult. A related worry, shown to be unfounded, was potential EMF-related hearing loss [4] .
Whereas concerns related to the physical properties of cellphones have not been significantly substantiated, a key ongoing question is whether intermittent, unpredictable distraction of a parent as a result of messages, tweets, posts, news, and shows might interfere with parent-infant interactions in a manner that leaves a persistent mark on brain maturation. This is a real and pressing question because, over the past century, hundreds of investigations worldwide have clearly demonstrated the crucial role of signals from the primary caretaker in modulating the cognitive and emotional development of infants.
In the context of our current scientific understanding, cognitive and emotional brain functions involve coordinated activities of brain circuits that integrate molecular, cellular, synaptic and network signaling [5] . Hence, mental disorders may arise from dysfunction (failure) of crucial brain circuits. Both "normal" and aberrant brain functions originate from genetic risk and environmental influences, particularly during sensitive developmental periods when brain circuits are not fully mature [6] . Parents are the primary source of environment-derived sensory signals early in life, signals that are known to influence the maturation of brain circuits [7, 8] . The question then arises whether smartphone use influences parental signals to the infant in a manner that might be detrimental to the maturation of brain circuits.
What do we know about parental signals, especially the salient characteristics of those parental signals that influence brain development? In humans, a robust body of literature supports parental availability, consistency, sensitivity and predictability as foundations for optimal cognitive and emotional development [9] . Research in humans might struggle with distinguishing the genetic contribution of a parent to a child from the contribution derived from parental signals during care and interaction with the infant; it is also difficult to infer causality in complex contexts with numerous potential confounders. Yet, in non-human primates and rodent systems, presence of maternal care signals and their quantity and quality have been shown to modulate neurodevelopmental processes, supporting causality and suggesting mechanisms [10, 11] . The overall quantity, as well as many qualitative aspects of parental signals to the infant are unlikely to be fundamentally affected by the use of a smartphone. However, recent information suggests that other crucial aspects of parental signals might be profoundly affected.
There is now growing evidence in both humans and controlled experimental animal systems that, in addition to the parentalbehavior properties described above, the patterns of parental signals may impact cognitive and emotional outcomes through the modulation of the maturation of the underlying brain circuits [11] [12] [13] . Specifically, repeated, predictable parental-signal patterns promote resilience to stress and enhanced memory whereas fragmented and unpredictable patterns of parental signals might negatively impact these functions [11] [12] [13] [14] . Whereas, as described above, the prospective human studies are by their nature associational, work in experimental systems, replicated widely [15] [16] [17] [18] [19] [20] , suggests causality. In experimental systems, predictable barrages of maternal care enhanced stress resilience via reduced excitatory synaptic innervation and epigenetic programming of stress-sensitive cells [21] . By contrast, fragmented and unpredictable maternal signals augmented excitatory input onto stresssensitive cells and influenced the maturation and function of a number of brain circuits, with consequent emotional and cognitive sequelae [22, 23] .
We do not know if daily, rampant smartphone use significantly disrupts the predictability of a parent's signals to the infant or promotes their fragmentation. Also unclear is the age at which the developing brain is most sensitive to optimal and adverse parental signals. Whereas evidence exists that the first two years of life might be a particularly sensitive period [24] , effects on older infants and pre-schoolers cannot be excluded. In addition, distinguishing parental smartphone use from the myriad other aspects of parent-child interaction will be a daunting task. Furthermore, the effects of smartphone use on parental signals needs to be considered in the context of the profound positive and negative effects of smartphone use on public health, such as enabling rapid access to health care versus promoting distractionrelated driving fatalities. Yet, in view of our emergent understanding of the role of sensory signals in the maturation of brain circuits and the overwhelming prevalence of parental interactions with devices, the potential consequences of parental phone use on the signals that reach and modulate the maturation of the infant brain merit consideration and study.
